Two simple, rapid, and efficient methods for the analysis of seven antifungal compounds have been developed by capillary zone electrophoresis. Resolutions higher than 1.5 were obtained using 0.025 M phosphate buffer (pH 2.30) (analysis time close to 9 min) or 0.2 M formic acid (pH 2.15) (analysis time close to 6 min), with an applied voltage of 20 kV and a temperature of 308C. The highest sensitivity and selectivity can be obtained using phosphate buffer but the shortest analysis times are achieved in the formic system. The analytical characteristics of the optimized methods were investigated. The reproducibility obtained for migration times (RSD #1.0%) and peak areas (RSD #4.3%) was acceptable, but better n 510 n 510
Introduction
drugs were necessary to treat the bacterial and fungal diseases to which patients with acquired immuno-Until 1970 antifungal agents had many problems deficiency syndrome (AIDS), undergoing anti-cancer including, toxicity, narrow activity spectrum or low chemotherapy or having suffered an organ transplant pharmacological activity. Furthermore, effective are susceptible. These facts have promoted the development of new types of antifungal agents. In particular, imidazole and triazole derivatives [1, 2] former triazole antifungal agents described, which In this work, two different CZE methods were have proved to be highly effective against a broad optimized for the analysis of seven antifungal comspectrum of systemic mycotic infections [12, 13] , pounds, ketoconazole, clotrimazole, terbinafine, itparticularly Aspergillus sp. [14, 15] . Their use in raconazole, fluconazole, and voriconazole as stanoncology and in patients with AIDS is on the rise.
dard compounds, and one GlaxoWellcome product Voriconazole is a new triazole antifungal agent with under development (GW-product), together with a broad range of fungal pathogens including Asper-verapamil and imidazole, which were tested as gillus fumigatus and Candida krusei [16, 17] . On the internal standards. The separation conditions investiother hand, all antimycotic agents are not imidazole gated were the pH, concentration, and type of and triazole derivatives, e.g., terbinafine is a new running electrolyte, as well as the addition of a few powerful antifungal agent of the allylamine class additives, and the effect of different instrumental [18] . This drug is highly active in the treatment of conditions such as the injection volume, separation dermatomycoses [19] and indicated for other my-temperature, and applied voltage. Upon optimization coses [20] .
of the above-referenced separation conditions, ana-Simple and accurate methods to determine an-lytical performances of the methods were also intifungal agents in biological samples are necessary.
vestigated. The parameters involved were precision Although gas chromatography and bioassays have (repeatability and reproducibility), linearity, and also been used, high-performance liquid chromatog-limits of detection (LODs) and quantitation (LOQs). raphy (HPLC) has been since 1990 the technique most extensively used for these analysis (e.g., ketoconazole [21, 22] ; clotrimazole [23] ; itraconazole 2. Experimental [24] [25] [26] [27] ; fluconazole [28] [29] [30] [31] ; voriconazole [32, 33] , and GW-product was provided by GlaxoWellcome (Madrid, Spain). Molecular structures of these compounds are shown in Fig. 1 except for GW-product which is under development within GlaxoWellcome Group Research.
Preparation of samples, buffers and capillary
Stock solutions of the different compounds were Fig. 1 . Molecular structures for the compounds studied except for the GW-product whose structure is confidential information (it is a prepared in DMSO at a concentration of 2 mg / ml. priate aliquots of stock solutions to methanol-water (1:1, v / v). Two samples were used as test mixtures to show the separations obtained with different running electrolytes: (i) imidazole (5 mg / ml), phosphate running buffers with pH values ranging ketoconazole (5 mg / ml), clotrimazole (3 mg / ml), from 2.0 to 4.0 were prepared by adjusting a 0.025 terbinafine (5 mg / ml), verapamil (5 mg/ml), GW-M aqueous solution of NaH PO to pH required with 2 4 product (15 mg / ml), and itraconazole (5 mg / ml); (ii) 0.5 M H PO . To study the effect of the con- 3 4 imidazole (5 mg / ml), ketoconazole (5 mg / ml), centration of phosphate in the running buffer, differclotrimazole (3 mg / ml), terbinafine (5 mg / ml), ent buffers with concentrations ranging from 0.025 verapamil (5 mg / ml), GW-product (15 mg / ml), to 0.1 M were prepared by adding appropriate itraconazole (5 mg / ml), fluconazole (10 mg / ml), and aliquots of 0.5 M H PO into water and adjusting to 3 4 voriconazole (10 mg / ml). Eight solutions with con-pH 2.3 with 0.1 M NaOH. Additives such as centrations in the range 0.5-20 mg / ml were used as triethanolamine, ethanesulfonic acid, or b-cyclodexstandard solutions to study the linearity of the trin were added in the latter phosphate running detector response. Each standard solution contained buffers before adjusting to pH 2.3 with 0.1 M NaOH. ketoconazole, clotrimazole, terbinafine, verapamil, Finally, other running electrolytes were prepared by itraconazole, fluconazole, and voriconazole.
adding appropriate aliquots of formic or / and acetic In order to study the effect of the pH, the acid into water, measuring their pH values. All electrolyte solutions were filtered through 0.45-mm the instrumental parameters were fixed at 3 s for the pore size disposable nylon filters from Millipore.
hydrodynamic injection, at 258C for the separation Before first use, a new capillary was precon-temperature and at 15 kV for the applied voltage. ditioned by rinsing with 1 M NaOH for 30 min, Secondly, the effect on the separation of instrumental followed by a 15 min rinse with water. At the start of parameters (injection volume, applied voltage, and each day, the capillary was conditioned with the separation temperature) was studied. running electrolyte for 15 min, and two injections Fig. 2 shows the electropherograms obtained for a with a solution of methanol-water (1:1, v / v) were mixture of seven compounds using a phosphate achieved to equilibrate the system. In order to running buffer at a pH ranging from 2.0 to 4.0. It can increase migration time reproducibility, the capillary be observed that the pH of the separation buffer has was rinsed between injections with the running a major influence on the separation of these analytes. electrolyte for 2 min. In addition, this rinsing step is According to these electropherograms, the best pH to needed to eliminate those components of the sample perform the separation of these compounds ranges still remaining in the capillary during the analysis from pH 2.0 to 2.5. In fact, at this pH, these analytes time. An injection of running electrolyte (1 s) after are fully ionized and are separable by CZE with the the sample zone is used to improve the precision by electroosmotic flow virtually eliminated [46] . Under avoiding a cross-contamination [42] and to prevent these conditions, it was possible to use the same loss of sample when the separation is started, due to running buffer during the whole day with good the buffer and sample expansion [43] . At the end of repeatability in the separations, because buffer depleeach day, the capillary was rinsed with MeOH for 2 tion (acidification and alkalinisation of running elecmin, 0.1 M NaOH for 2 min, 0.1 M HCl for 2 min trolyte in the anode and cathode reservoirs) [47] is and water for 5 min. negligible in practice [48] .
In Table 1 it can be observed that the values for the plate number in phosphate buffer are the highest 3. Results and discussion when compared to those obtained in formic and
Method development
The use of water or an organic solvent with low conductivity has shown to improve peak efficiency by stacking [44] . The optimization of the separation conditions for all the antifungals studied in this work was carried out by preparing the solutions of analytes in methanol-water (1:1, v / v). This hydro-organic mixture increases the solubility of compounds with low solubility in water and avoids evaporation [45] when only one organic solvent is used.
The highest sensitivity for ketoconazole, clotrimazole, itraconazole, fluconazole, voriconazole and verapamil was obtained at about 198 nm, but improved sensitivity for terbinafine was obtained at 220 nm (data not shown). Thus, a wavelength of 210 nm well as the use of a few additives. In this first step, and (7) itraconazole. acetic acids and their mixtures, but migration times olution improved when the running electrolyte conare also the highest. Formic acid provides better centration was increased, but as increases in current results (probably because it generates more acid pH intensities were also obtained, the use of high values) than acetic acid or the acetic acid-formic concentrations is only recommended if a stable acid mixture as far as efficiency and resolution are baseline can be obtained. Therefore, the concenconcerned, but the migration times obtained with tration of phosphate is limited at a maximum of these running electrolytes were very similar. On the 0.025 M. other hand, in general terms, efficiency and res-
The use of some additives (b-cyclodextrin, sensitivity and selectivity but formic acid enables shorter analysis times. Concerning the effect of instrumental parameters, a study showed that the use of a hydrodynamic injection longer than 5 s caused a loss of efficiency greater than 10%. Therefore, in our case injection times larger than 5 s should be avoided unless higher sensitivity is required, and the loss of resolution does not prevent achieving the separation. A linear relationship was obtained for the variation of the peak area as a function of the injection time (R.0.999), data showing that there is a right correlation between the injection time and the injected volume or injected plug length. On the other hand, a study on the effect of the temperature, over the range 25-408C, showed half the time required at 15 kV (see Fig. 4 ). How- (7) itraconazole; (8) .100 mA with voltages .20 kV, when 0.025 M ethanesulfonic acid and ethanolamine) in the running electrolyte (e.g., phosphate buffer) changed the selectivity but increased the analysis time (see Fig. 3 ). b-Cyclodextrin largely improved the selectivity between clotrimazole (peak 3) and terbinafine (peak 4), when compared to all other methods. However, the deterioration in selectivity between compounds 5 and 6 and the increased separation time make this method inadvisable. The use of ethanesulfonic acid appears to offer improved efficiency (sharper peaks and higher sensitivities) but generated high current intensities (105 mA as contrasted with 60 mA when only phosphate was used) and also leaded to increased separation time. Finally, the addition of ethanolamine in phosphate buffer caused the poorest separation, unstable baseline, peak with tailing and (pH 2.15), both without additives. Phosphate buffer (4) terbinafine; (5) verapamil; (6) GW-product; and (7) itcan be a good choice in order to obtain a better raconazole. phosphate running buffer was used) together with the to 0.3% for migration times, from 1.4 to 3.4% for loss in the separation capacity and sensitivity dis-peak areas, and from 2.3 to 4.7% for the number of courage the use of high applied voltages (.20 kV) theoretical plates. Reproducibility was assessed on 5 unless higher sample through-put is desired. In different days, each injection by duplicate. RSD n510 conclusion, as it can be seen in Fig. 5 , the use of values from 0.3 to 1.0% for migration times, from CZE with 0.2 M formic acid (pH 2.15) or 0.025 M 1.4 to 4.3% for peak areas, and from 2.7 to 5.3% for phosphate buffer (pH 2.3) as running electrolytes the number of theoretical plates were obtained. enables the separation of all compounds studied Although the precision obtained in the migration (including seven antifungals) in less than 10 min at times and peak areas was satisfactory, the possibility an applied voltage of 20 kV and a temperature of of using an internal standard (I.S.), imidazole or 308C. These conditions provide a good compromise verapamil was also tested. Thus, repeatabilities for between resolution, analysis time, and current in-relative migration times of different antifungals tensity.
studied were better than 0.1% and reproducibilities were better than 0.4% when verapamil was used to 3.2. Analytical characteristics of the method calculate the relative migration times. On the other hand, repeatabilities for peak area ratios (antifungal / Upon optimization of the separation conditions for verapamil) were better than 1.5% and reproducibilithe antifungals, the analytical characteristics of the ties were better than 2.2%. However, there was not a method were investigated. The parameters involved significant improvement in the values for the preciwere precision, linearity, sensitivity, LODs, and sion neither for relative migration times nor peak LOQs.
area ratios when imidazole was used as I.S. instead Precision (repeatability and reproducibility) was of verapamil. This result indicates that imidazole is assessed as relative standard deviation (RSD) for all not a good choice as I.S. possibly due to its studied antifungal compounds studied. Repeatability migration times, since imidazole had the smallest on 10 consecutive injections obtained for the de-migration time whereas verapamil's migration time veloped methods in terms of RSD was from 0.1 was intermediate [49, 50] .
n510
On the other hand, the reproducibility of the method was also determined as the RSD for interday calibration slopes using new running electrolytes every day (n55). Values from 1.5 to 2.7% were obtained using peak areas to establish the calibration plots for each standard antifungal compound. Reproducibilities better than 1.0% were obtained when verapamil was used as I.S. to calculate the peak area ratios (antifungal / verapamil) employed in the calibration plots.
Results obtained for linearity, sensitivity, LODs and LOQs are grouped in Table 2 . The calibration plots for the six standard antifungals studied showed linear ranges for concentrations between 0.5 and 2.0 and 15 mg / ml (see Table 2 ) using both, peak areas electrolyte enables to obtain a better sensitivity than (7) itraconazole; (8) fluconazole; and (9) voriconazole. Applied voltage, 20 kV. Other conditions as in Fig. 4 .
formic acid. The highest value was obtained for clotrimazole, and the lowest values for fluconazole potential of CZE to achieve fast and very efficient and voriconazole. On the other hand, the values of separations of a variety of antifungals with fusedthe LOD and LOQ ( Table 2) were calculated from silica capillaries with no additives in the running the calibration plots obtained using peak heights: electrolyte. Resolutions better than 1.5 in less than LOD is the concentration corresponding to a signal-10 min are obtained using 0.025 M phosphate buffer to-noise ratio of 3, and LOQ is the concentration (pH 2.30) or 0.2 M formic acid (pH 2.15), with an corresponding to a signal-to-noise ratio of 10. The applied voltage of 20 kV and a temperature of 308C. noise was estimated as the largest deviation of the The pH of the running electrolyte has a major detector signal from the baseline measured in a influence on the separation of these analytes, and the section of about 5 min in the absence of analyte and best condition is at acidic medium (pH about 2). 24 at 210 nm. The noise values (1.2?10 AU with Phosphate buffer can be a good choice in order to 24 phosphate buffer, and 2.0?10 AU with formic obtain a better sensitivity and selectivity but formic acid) show that the use of phosphate buffer as acid enables shorter analysis times. The addition of running electrolyte generates a smaller noise than b-cyclodextrin or ethanesulfonic acid to a phosphate formic acid. Therefore, the use of phosphate buffer buffer has also demonstrated that, for some analytes, enables smaller background noise and higher sen-these additives can lead to improved selectivity or sitivities than formic acid, which results in lower sensitivity, respectively, but at the expense of in-LODs and LOQs. Thus, when phosphate buffer is creased separation time. Therefore, the use of these used as running electrolyte the lowest LOD was additives should be considered in the future developobtained for clotrimazole (0.12 mg / ml) and the ment of related methods. highest value for fluconazole and voriconazole (0.90 mg / ml). Also, the lowest and the highest LOQ were, respectively, 0.40 mg / ml for clotrimazole and 3.00
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